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(54) SCANNING PROBE MICROSCOPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
scanning probe microscope which keeps a probe 
from coming into contact with a sample when the 
sample is moved by a stage. 

SOLUTION: A stage 16 is provided on a base 12 to 
place a sample 24 thereon. An arch 14 is fixed on 
the base 12 and an optical microscope part 30 and a 
probe unit 40 are arranged at the central part 
thereof to be both vertically movable together. The 
probe unit 40 has a cantilever 42 with a probe 44 at 
the free end thereof and a scanner 46 for 
three-dimensionally scanning it. The optical axis 
of an objective lens 32 and the axis of the probe 44 
are positioned as spaced at an interval D. This 
apparatus has an optical microscope part 30 and a 
position sensor 50 to detect a specified vertical positional relationship of the probe 
unit 40. In this positional relationship, for example, the tip of the probe and the 
surface of the sample are placed at a specified interval (normally, several tens urn) 
when the optical microscope part 30 is focused. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A probe unit including a stage means to lay a sample movable 
two-dimensional, and a probe and a scan means to scan this in three dimensions, A 
position control means to control the location of the probe unit about a direction 
vertical to a sample front face, It has the position sensor which detects the position 
relation beforehand defined between the observation optical system which observes 
a sample front face optically through an objective lens, and the probe unit about a 
direction vertical to a sample front face and observation optical system. As for a 
probe unit and observation optical system, the shaft of a probe and the shaft of an 
objective lens are carrying out distance detached building ****** of predetermined. 
A stage means After an observation part is determined by observation optical system, 
predetermined carries out distance migration of the sample, and an observation part 
is arranged just under a probe. A position control means While a sample is moved by 
the stage means, after every sufficient distance ******** an( j an observation part 



have been arranged just under a probe from a sample front face, a probe unit The 
scanning probe microscope made to stop access at a high speed comparatively when 
a probe unit is made to approach a sample comparatively at high speed and a position 
sensor detects position relation. 

[Claim 2] The scanning probe microscope under which observation optical system 
has the autofocus device further in claim 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the scanning probe microscope 

suitable for observation of a large-sized sample. 

[0002] 

[Description of the Prior Art] A scanning probe microscope is equipment which can- 
investigate various properties (electric-field distribution, conductivity distribution, 
etc.) including the irregularity on the front face of a sample with the resolution of 
atomic level, and the scanning tunneling microscope (STM) and the atomic force 
microscope (AFM) are known well especially. A scanning probe microscope has a 
probe (probe) as the name suggests, arranges a probe near the sample front face in 
the case of measurement, and it scans a probe along the front face of a sample, 
controlling the distance between a probe head and a sample front face. 
[0003] Under the early scanning probe microscope, the scan between a probe and a 
sample was performed by moving a sample using an electrostrictive actuator. Since 
the scanning zone of an electrostrictive actuator was at most dozens of micrometer 
square, the sample was restricted to the small thing. 

[0004] The scanning probe microscope fits inspection of a semi-conductor substrate 
from the high level of the resolving power, and what can observe the part of the 
request on large-sized samples, such as a 8 inch silicon wafer, if needed was desired. 
[0005] As what meets this want, it is not a sample side and the scanning probe 



microscope of a configuration of performing the scan between a probe and a sample 
is proposed by moving a probe side. With this configuration, since the actuator for a 
scan or control is formed in the probe side supported above a sample, in the stage in 
which a sample is laid, constraint of it is lost in any way. It becomes possible to be 
able to use a large-sized thing now for a stage by this, consequently to move a 
sample greatly. Observation by the probe is performed by operating a stage and 
bringing the part which wants to observe a sample to the bottom of a probe. 
[0006] Since a scanning probe microscope has very high resolving power, it does not 
fit rough (comparing with the resolving power of atomic level) observation at the 
time of pinpointing an observation part etc. for this reason « mostly ** — an 
optical microscope is incorporated for rough observation. Usually, an optical 
microscope is incorporated so that the optical axis may turn into a probe and the 
same axle, and an observation part and a probe are located in the same visual field. 
Thereby, it can perform arranging a probe in an observation part easily. 
[0007] 

[Problem(s) to be Solved by the Invention] In case a stage is operated and an 
observation part is moved, changing sharply the distance between a probe head and a 
sample front face is expected by the vertical movement accompanying the 
irregularity of a sample, the dip of a stage, or migration of a stage etc. Therefore, in 
case a sample is moved by the stage, in order to avoid contact of a probe and a 
sample, as for a probe, only the specified quantity is evacuated up beforehand. 
[0008] However, under the scanning probe microscope which built the optical axis of 
an optical microscope into a probe and the same axle, since the objective lens of an 
optical microscope is located above a probe, the amount of evacuation of a probe 
will receive constraint of the working distance of an objective lens. For this reason, 
.the amount of eyacuanon.of.a : probe cannot be made larger than the working distance 
of an objective lens, and cannot necessarily call that amount of evacuation a safe 
amount. 

[0009] Moreover, JP,7- 190753, A is indicating the scanning probe microscope 
equipped with the autofocus device containing the focus detection sensor arranged in 
an optical microscope. With this equipment, in case a sample is moved by the stage, 
a focus condition is maintained using an autofocus device, a probe is moved together 
with an objective lens in that case, spacing on a probe head and the front face of a 
sample is kept constant, and this avoids contact of a probe and a sample. Since a 
focus detection sensor irradiates light on a sample front face through an objective 
lens, the focus condition is detected based on the reflected light and the probe is 
arranged between the objective lens and the sample, although a probe is at a partial 
target, it will interrupt the light of a focus detection sensor inevitably. This may 
grow into the factor which interferes with good actuation of an autofocus device, and 
can call existence of such a probe a not desirable thing. 

[0010] It is being able to accomplish this invention in consideration of such a 
situation, the object's fully being able to evacuate a probe so that a probe's may not 



contact a sample, in case a sample's is moved by the stage, and offering the scanning 
probe microscope which can make a probe approach a sample promptly safely 
moreover in the case of measurement by the probe. 
[0011] 

[Means for Solving the Problem] A stage means by which the scanning probe 
microscope by this invention lays a sample movable two-dimensional, A probe unit 
including a probe and a scan means to scan this in three dimensions, A position 
control means to control the location of the probe unit about a direction vertical to a 
sample front face, It has the position sensor which detects the position relation 
beforehand defined between the observation optical system which observes a sample 
front face optically through an objective lens, and the probe unit about a direction 
vertical to a sample front face and observation optical system. As for a probe unit 
and observation optical system, the shaft of a probe and the shaft of an objective lens 
are carrying out distance detached building ****** 0 f predetermined. A stage means 
After an observation part is determined by observation optical system, 
predetermined carries out distance migration of the sample, and an observation part 
is arranged just under a probe. A position control means While a sample is moved by 
the stage means, after every sufficient distance ******** an( j an observation part 
have been arranged just under a probe from a sample front face, a probe unit A probe 
unit is made to approach a sample comparatively at high speed, and when a position 
sensor detects position relation, access at a high speed is stopped comparatively. 
[0012] While a sample is moved by the stage means, there is no possibility of the 
probe fully being evacuated and contacting a sample. After an observation part is 
pinpointed according to observation optical system, with a stage means, an 
observation part is arranged just under a probe and a probe unit is close brought 
continuously comparatively/rom_a.sample to a certain amount of distance at high_ 
speed. Then, a probe is brought close to a sample front face to observation distance 
by the scan means at a low speed. Here, observation distance is the distance within 
the limits which mean the criteria location in the case of observation by the probe, 
for example, the force between atoms commits in atomic force microscope 
observation. 

[0013] Moreover, as for the scanning probe microscope of this invention, 
observation optical system has the autofocus device further suitably. Since 
automatic or hand control always performs focusing of observation optical system, 
actuation of pinpointing an observation part can be performed easily. Moreover, 
since a probe is in the location from which it separated from the optical path of 
observation optical system, light of an autofocus device is not interrupted and 
observation optical system performs good autofocus actuation. 
[0014] 

[Embodiment of the Invention] Hereafter, the scanning probe microscope of the 
gestalt of operation of this invention is explained, referring to a drawing. As shown 
in drawing 1 and drawing 2 , the stage 16 is formed on the base 12. In the direction 



in which space and the first trolley table 20 cross at right angles on the fixed angular 
table 18 fixed to the base 12, a stage 16 is formed movable and prepared movable on 
the first trolley table 20 in the direction where the second trolley table 22 is parallel 
to space. On this trolley table 22, the large-sized samples 24, such as a 8 inch silicon 
wafer, are laid. 

[0015] The arch 14 is being fixed to the base 12 and the optical microscope section 
30 and the probe unit 40 are formed in both the vertical directions movable above the 
center section 16 of the arch 14, i.e., the stage. The optical microscope section 30 
has an objective lens 32 and this, and the image formation optical system that has 
two incomes, and CCD camera 34 for acting as the monitor of the optical image on 
the front face of a sample is arranged in the image formation location. This optical 
microscope section 30 is moved in the vertical direction by the motor 38 controlled 
by the actuation control section 72. Suitably, the optical microscope section 30 has 
an autofocus device containing the focus detection sensor 36, and in this case, the 
actuation control section 72 carries out actuation control of the motor 38 based on 
the signal from the focus detection sensor 36, and it maintains a focus condition. 
[0016] The probe unit 40 has the cantilever 42 which equips the free end with a 
probe 44, and the scanner 46, for example, a cylindrical electrostrictive actuator, 
which scans this in three dimensions. This probe unit 40 is moved in the vertical 
direction by the motor 48 controlled by the actuation control section 74. 
[0017] The optical axis of an objective lens 32 and the shaft of a probe 44 keep the 
predetermined distance D, and the optical microscope section 30 and the probe unit 
40 are arranged. Moreover, equipment has the position sensor 50 which detects the 
position relation of the vertical direction between the optical microscope section 30 
and the probe unit 40. When this physical relationship has the optical microscope 
section 30 in a focus condition, the head of a probe 44 and the front face of a sample 
24 are in the condition used as predetermined spacing (for example, set as dozens of 
micrometers). 

[0018] A position sensor 50 consists of photosensor 52 of the transparency mold 
fixed to the optical microscope section 30, and a gobo 58 fixed to the probe unit 40, 
as shown in drawing 3 (A). As shown in drawing 3 (B), photosensor 52 has the 
light-emitting part 54 and light sensing portion 56 which kept predetermined spacing, 
and have been faced each other and arranged, and has the composition that a gobo 58 
passes through between both. A gobo 58 is attached in the location where the output 
of a light sensing portion 56 serves as a predetermined value when the optical 
microscope section 30 and the probe unit 40 become the above-mentioned position 
relation. 

[0019] With this configuration, if the probe unit 40 moves in the vertical direction to 
the optical microscope section 30, the amount which interrupts the light by which 
the gobo 58 was injected from the light-emitting part 54 according to that location 
will change, and the quantity of light which a light sensing portion 56 receives will 
change. Therefore, it is detectable by investigating the output of a light sensing 



portion 56 that the optica] microscope section 30 and the probe unit 40 became 
position relation. 

[0020] A position sensor 50 is constituted from the light-emitting part 62 fixed to 
the optical microscope section 30, a light sensing portion 64 and the high reflective 
section 66 fixed to the probe unit 40, and the low reflective section 68 by another 
example, as shown in drawing 4 . The high reflective section 66 and the low 
reflective section 68 are attached in the location as for which the light injected from 
the light-emitting part 62 carries out incidence to the boundary parts of the high 
reflective section 66 and the low reflective section 68 exactly when the optical 
microscope section 30 and the probe unit 40 become the above-mentioned position 
relation. 

[0021] With this configuration, the amount of the light which carries out incidence 
to a light sensing portion 64 by whether the light injected from the light-emitting 
part 62 carries out incidence to the high reflective section 66 or incidence is carried 
out to the low reflective section 68 changes. Therefore, it is detectable by detecting 
the changing point of the output of a light sensing portion 64 that the optical 
microscope section 30 and the probe unit 40 became position relation. 
[0022] Next, the procedure of observation is explained. Observation is performed by 
the precise observation by the probe unit 40 continuing, after pinpointing an 
observation part by rough observation by the optical microscope section 30. while 
moving a sample 24 using a stage 16 in that case, the probe unit 40 is up enough 
beforehand so that a probe 44 may not contact a sample 24 -- distance (spacing on 
probe head [ for example, ] and front face of sample is about several mm) evacuation 
is carried out. 

[0023] First, acting as the monitor of the optical image of the front face of a sample 
24 with CCD camera 34 of the optical microscope section 30, a stage 16 is operated 
and a sample 24 is moved towards desired. For example, in observing the part shown 
by sign 24a, operate a stage 16 and it is made to move towards a request of a sample 
24, and as shown in drawing 1 , it arranges observation part 24a under the optical 
microscope section 30. In this condition, observation part 24a is optically observed 
by the optical microscope section 30. Next, as shown in drawing 2 , only distance D 
moves the second trolley table 22 of a stage 16 rightward [ of a drawing ]. thereby — 
observation part 24a « a probe 44 it comes just under exactly. Then, the probe unit 
40 is dropped by the motor 48. A position sensor 50 will tell the actuation control 
section 74 about this, if it detects that the probe unit 40 came to the position, and in 
response, the actuation control section 74 stops a motor 48. Consequently, a probe 
44 is arranged in the location which that head separated from the front face of a 
sample 24 to dozens of micrometer upper part. Then, a probe 44 is brought close to a 
sample 24 until it drives a scanner 46 and spacing on a probe head and the front face 
of a sample becomes observation distance (for example, distance on which the force 
between atoms acts). Then, a probe 44 is scanned with a scanner 46 and observation 
(for example, atomic force microscope observation) by the probe 44 is performed. 



[0024] Thus, since the probe 44 is arranged in the location from which it separated 
from the optical axis of the objective lens 32 of the optical microscope section 30 
according to this operation gestalt, while fully being able to evacuate a probe 44 
from a sample 24, a probe 44 does not interrupt the light for autofocus [ of the 
optical microscope section 30 ]. Moreover, since a series of control performs 
continuously migration of the second trolley table 22 and access in the sample 24 of 
a probe 44 after pinpointing an observation part by the optical microscope section 30, 
insurance can be made for a sample 24 to approach [ a probe 44 ] the inside of a short 
time at observation distance. 
[0025] 

[Effect of the Invention] According to this invention, since the optical axis of the 
objective lens of observation optical system and the shaft of the probe of a probe 
unit keep a predetermined distance and are arranged, a probe can fully be evacuated 
from a sample. Moreover, a probe does not interfere with good actuation of the 
autofocus device of observation optical system. Furthermore, since an observation 
part is arranged by a series of control just under a probe and a probe unit is 
comparatively brought close to a sample by it at high speed after observation optical 
system determines an observation part, a sample can be made for a probe to approach 
[ insurance ] the inside of a short time even at observation distance. 



[Translation done.] 
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